In this paper we use these northern hemisphere springtime SPADE observations to investigate ozone and other trace gas laminae observed during the campaign. These laminae apparently originated from the lower stratospheric polar vortex, based on the trace gas measurements from the ER-2. In section 2, we will describe the various meteorological data sources used in SPADE, and section 3 will show some of the ER-2 measured trace gas measurements of the laminae. Section 4 will contain a detailed determination of the origins of the ozone laminae using both potential vorticity analyses, and high-resolution trajectory model results, while section 5 will look at the vertical structure of the laminae. In section 6, the results will be discussed and summarized. The analysis for levels above 10 hPa and the southern hemisphere stratosphere (70 to 0.4 hPa) uses a similar successive corrections method [Yanai, 1964] , but the successive scans are around the data rather than the grid points. The net result is a map that essentially uses the same analysis system for the whole stratosphere. The first guess for all maps is the previous day's map. Satellite data are then injected into the analysis for the current map. The satellite maps are then further used as a first guess field for the northern hemisphere radiosonde analysis from 70 to 10 hPa, while all other fields use the satellite maps as a final field. NMC Data quality is generally quite good in the lower stratosphere [Gelman et al., 1986 
Meteorological Data

Trace Gas Observations
For the flights studied in this analysis, trace gas measurements of Oa, N20, CH4, HC1, CFC-11, CFC-113, and CO2 were collected by the ER-2 aircraft, although the full SPADE payload included additional gas and particle measurements [Wofsy et al., 1994] . Ozone mea- 
Tracing of Air Motion
On the basis of these trace gas measurements, it is plausible that the sampled laminae originated in the polar vortex. If these high ozone and low N20 air masses came from the polar vortex, then they should have relatively high values of PV. PV is well conserved during this period, with a calculated loss term for this period having a timescale of a few months. Table 3 (with Y being a successful identification, N being a failed identification, and I being indeterminate). The tracing back of polar material is based on some relatively objective criteria: (1) was vortex air (i.e., air with high potential values) advected to within a reasonable distance from the ER-2 sample position (nominally, 400 km), and (2) can the PV be reasonably traced back to the vortex? The PV and trajectory evidence suggests that the air sampled during SPADE originated in the polar vortex.
Laminae Vertical Structure
The vertical structure of the polar vortex fragments represented. All of the analyses performed similarly in representing the ER-2 observations for both this date S (May 7, 1993) , and for the other flights during SPADE Y I y y (see Table 1 
